The author subdivided the recent sediments and discussed the landforms and sedimentary envir onment in the Bengal Lowland based on the analysis of the sediments .
I. Introduction
The Bengal Lowland, consisting of the Ganges Delta and its surroundings, is one of the largest alluvial plains in the world. It faces the Bay of Bengal, and the rivers flowing in the lowland take their source from the Himalaya mountains . The evolution of the lowland is considered to have been controlled by the late Quaternary environmental changes, such as the sealevel change , climatic change, tectonic movement and so on . The results of these environmental changes are recorded in the landforms and sediments of the lowland .
There are a few studies on the landforms and late Quaternary geology of the Bengal Lowland . Among them, MORGAN and MCINTIRE (1959) clarified the basic and important framework on the late Quaternary geology and landforms of the Bengal Lowland.
Sedimentary process and landforms along the Brahmaputra Jamna River were dis cussed by COLEMAN (1969) . OYA (1977) classified the alluvial landforms in the Bengal Lowland using satellite images. And UMITSU (1985) also classified the micro landforms in the lowland and discussed on the formation of the alluvial land forms in the historic age. The general framework of landforms and late Quaternary geology in the Bengal Lowland was clarified by these studies .
In recent times, detail analysis have been done in various studies on the late Quaternary geomor phic evolution of an alluvial lowland. And the study on the late Quaternary landforms and sed iments in the Bengal Lowland based on detail analysis is required to be carried out at present .
From this point of view, the author tried to make clear the stratigraphy of the late Quater nary sediments in the Bengal Lowland based on the detail analysis of the recent sediments and radio-carbon ages. Then the author discussed on the late Quaternary sedimentary history and landform evolution of the alluvial plain in the Bengal Lowland.
II. Regional Settings
The Bengal Lowland locates in the lowest reaches of the Ganges, Brahmaputra Jamna River . Landforms of the lowland consist of Pleistocene uplands and Recent alluvial lowland (Fig . 1) . The sediments of the Pleistocene upland mainly con sist of sandy silt and sandy clay with a light brown or reddish brown color in the upper part . The sediments are called Madhupur Clay (ALAM and AURANGZEB, 1975; ALAM and KHAN , 1980) . The upland distributes in the internal and marginal part of the lowland. The internal uplands are in the north-western and central part of the lowland , (MoRGAN and MCINTIRE,1959) . Marginal uplands are found in the eastern part of the Rajmahal Hills and in the western part of the Tripura Hills.
The Recent alluvial lowland is subdivided into three geomorphological regions, namely the Brahamaputra Jamna Floodplain, Sylhet Basin and Ganges Delta.
The Brahmaputra Jamna Floodplain locates between the Barind and Madh pur Jungle. Elevation of the surface is about 20m in the north and about 6m in the south, and land forms of the floodplain are mainly characterized by natural levees distributed in a mottled pattern (UMrrsu, 1985) . The Sylhet Basin is surrounded by the Sillong Plateau, Madhupur Jungle and Tripura Hills. The Old Brahmaputra river, which is the former trunk channel of the Brhamaputra River, and the Meghna River joins in the south of the basin. The elevation of the central part of the basin is lower than 3m a.s.l., and broad water surface spreads out in the central basin during the rainy season. Micro landf orms in the basin are characterized by the (a) continuously meandering natural levees and (b) natural levees with dendritic and arc shaped distributing patterns (UMTTSU, 1985) . The Ganges Delta locates in the south of the Barind and Madhupur Jungle. The elevation of the delta is about 15-20m in the northwest and 1-2m in the south. From the characteristics of the landf orms, the delta is further subdivided into five regions.
The landforms in the easternmost part of the delta near Comilla city and in the south western part of the delta around Calcutta city are charac terized by the slightly higher alluvial surface than the neighbouring regions, and there are a few river channels on the surface, The northwestern part of the delta is characterized by the broad and obscure natural levees (UMITSU, 1985) , and called the Moribund Delta by BAGCHI (1944) . The land forms in the central part of the delta are charac terized by (a) broad and distinct natural levees, (b) continuously meandering natural levees and (c) natural levees characterized by dendritic distri buting pattern in the broad depressed areas near Khulna city (UNITSU, 1985) . In the south of the Ganges delta, facing the Bay of Bengal, the land forms are characterized by the tidal lowland with natural levees distributing in irregular pattern. The region is called as Sundarbans.
The region around the mouth of the Meghna (mouth of the Ganges and Brhamaputra) is characterized by an active delta, where the landforms are extremely temporal being changed in their forms owing to the attack of cyclones.
The landforms of these alluvial lowlands are classified into three alluvial surfaces, namely the older, younger and youngest surfaces (UMITSU, 1985) . The older alluvial surface locates in the regions near Comilla and Calcutta cities. The sur face locates in the former region is called the Tip pera Surface by MORGAN and MCINTI J (1959) . The youngest alluvial surface locates along the present rivers such as the Ganges, Braaamaputra Jamna and Meghna. The remaining regions are classified as younger alluvial surface. 
1) Ganges Delta
In the northwestern part of the delta, the recent formation above the depth of 30m is subdi vided into upper silty part and lower sandy part. Thickness of the upper part is 8-10m in general, and it is slightly oxidized into light grey color. Its N-value of a standard penetration test is 5-15. The lower part is grey colored medium to fine sand with silt, with N-value of 15-45. In the south of this region, silty strata with organic materials sometimes can be seen in the upper part. As there are few bore holes which reach beneath the depth below 30m, the condition of the sediments below 30m is not clear. There are few boring records in the southern and southeastern part of the Ganges delta. At Mongla in the south of Khulna district, sediments above the depth of 45m are as follows. Between the surface and the depth of 19m, the sediments are grey colored silt or sandy silt with an N-value of 1-7. From the depth of 19m to 43m, they are fine sand with an N-value of 14-50. The sedi ments between the depth of 43m and 45m consist of clayey silt with sand, and their N-value is 37. The sediments in the southeastern part of the Ganges delta consist of an alternation of silt and sand, and the upper part is relatively finer than the lower part.
2. Brahmaputra-Jamna river flood plain
The recent formation in the Brahmaputra -Jamna Floodplain mainly consists of sandy sedi ments with a distinct gravel bed in the lowest part of the recent formation (Fig. 3) . The top of the gravel bed in the Brhamaputra-Jamna Flood plain is at the depth (elevation) of 44 (-27)m, 51 (-36) m, 72 (-61)m and 81 (-74)m in Bahadurabad, Gabargaon, Sirajganj and Nagarbari, respectively. The radio carbon age of fossil wood collected under the gravel bed is 28,320+1750 -1440 yBP (GaK -5158). And the gravel bed is considered to be the late Quaternary basal gravel bed of the alluvial lowland as mentioned in the following chapter. The recent formation over the gravel bed is subdivided into upper alternation consisting of silt and sand, and lower alternation of medium and fine sand. The boundary of these two parts are at the depths of 29m, 43m, 46m and 48m in Baha durabad, Gabargaon, Sirajganj and Nagarbari, respectively. Similar boundary can also be recog nized at the depth of 47m in Tangail where a boring test was done by the author.
3. Sylhet Basin.
The recent formation in the Sylhet basin mainly consists of sandy or silty sediments. At Netrakona in the northwestern part of the basin, the sediments from the surface to the depth at 12 m are grey colored sand and silt with clay, and the N-value of the sediments is 8-23. The sediments under the depth of 12m consist of fine sand. The sediments at Kishorganj, in the western part of the Sylhet Basin, consist of silty sediments. In the central part of the Kishoreganj city, the sediments consist of clay and silt, silty fine sand, sandy silt and sand with silt, at the depths of 0-7m, 7-14m, 14-18m,18-36m respectively. This sequence of the sediments is almost same as that of at Sunamganj in northern Sylhet Basin and Moulvi Bazar in the southeastern Sylhet Basin.
IV. Stratigraphy and Correlation of the Recent formation
As the recent formation mainly consist of silty or sandy sediments and there is no key-bed for correlating the sediments, it is very difficult to classify the recent sediments into members and correlate them. Then the author tried to classify and correlate the recent formation based on the grain size analysis.
2) The grain size analysis was done on the samples collected from Tangail, Kishoreganj and Dewlatpur (in Khulna) at 1m or 1.5m intervals, and further results of grain size analysis shown in other reports of boring test have been used for the examination.
In the Brahmaputra Jamna flood plain, there is a gravel bed which is considered to be correlated to the late Quaternary basal gravel bed in an alluvial lowland. The sediments overlay the gravel bed are roughly subdivided into upper fine and lower coarse parts. The sediments of the lower coarse part mainly consist of sand or sand with gravels, and the upper fine part mainly consists of silty sediments.
At Tangail and Sirajganj in the central Brahmaputra Jamna flood plain, the lower coarse sediments consist of fine sand with scattered gravels (Figs. 5, 6) . At Khulna in the central Ganges Delta and Kishorganj in the Sylhet Basin, the lower sediments are composed of fine sand (Figs. 4, 7) . The boundary between the lower coarse sediments and the upper fine sediments at Tangail lie at the depth of 47m, and the abrupt change of the sediments can also be seen at Dew latpur in Khulna at the depth of 46 m, where sandy sediments are abruptly overlain by silty sediments. In other places of the Bengal lowland, such as at Kishorganj, Sirajganj and Sibaloya, the similar boundary in grain size sequence can be seen at the depth of 46m, 46m and 49m, respec tively. It is remarkable that the boundary of grain size sequence where the coarser sediments are overlain by finer sediments can be seen at the almost same depth of the recent formation in var ious places in the Bengal Lowland. In the upper fine part of the recent formation, there is also another boundary of grain size sequence. At Tangail and Kishoreganj, sandy sed iments are overlain abruptly by silty sediments at the depth of 24m and 18m, respectively (Figs. 4, 5) . Similarly, coarse sediments are overlain by the finer sediments, and the grain size sequence change at the depth of 26m, 26m, 25m at Siraj ganj, Sibaloya and Faridpur, respectively. At Tangail, the sediments between the two boundar ies (24-47m) consist of sandy silt or silty sand in the lower part and fine sand in the upper part. Moreover, there are two horizons of coarser sedi ments at 36-37m and 29-30m with one horizon of finer sediments at the depth of around 35m ( . Similar sequence of the grain size distribution between the two boundaries can be seen at Siraj ganj (26-46m) and Kishorganj (18-46m). The grain size sequence at these places is also charac terized by the lower fine sediments and coarse sed iments in the middle and upper part with two or three horizons of coarser sediments and one or two horizons of finer sediments.
Above the upper distinct boundary of grain size sequence, the sediments gradually become slightly coarser, and they become fine at the depth of about 10m. And in the uppermost part of the recent formation, the sediments change into silt or clay without sand. The boundary between the uppermost and the upper part is recognized at the shows almost the same as that of the sediments at the depth of 48m.
There are some reverse ages in relation to the depths of sediments. On the each set of the ages which were measured in the same laboratory, relationship between the age and depth is normal in order, and the relative order of ages in each set is considered to be reasonable. Thus the ages measured in Gakushuin Univ. and Nagoya Univ. are used in pararell in this article. As mentioned in the former chapter, the recent formation in the Bengal Lowland is subdivided into uppermost, upper, middle, lower and lowest members. The basal gravel in an alluvial plain is considered to be deposited during the last glacial maximum, and the age of the lowest member in the Bengal Lowland is considered to be the period around 18,000yBP.
As the age of the uppermost horizon of the lower member is 12,320yBP (NUT), the lower member is considered to be deposited in the latest Pleisto cene before ca. 12,000yBP. In the middle member, the radiocarbon age was obtained as 8,890yBP
(NUT), and 7,640yBP (NUT) and 10, 190yBP (GaK) in the base of the upper member. This shows that the middle member deposited upto 10,000 or 8,000yBP after the deposition of the lower member. The ages in the upper member were measured as 6,490yBP (NUT) and 6,880yBP (GaK). Furthermore, the ages of the uppermost member were obtained as 3320yBP (GaK) and 4180yBP (GaK). From these ages, the upper member is considered to have been deposited upto 6,000yBP or 5,000yBP, and the uppermost member deposited after that.
VI. Sedimentary Environment and Sealevel Change
It is important to consider the sealevel change for the study of the landform evolution in an deltaic alluvial lowland. The sealevel curve in the Bengal Lowland, however, has not been clarified yet in and around the region. The author tried to make clear the relative sealevel curve in the study region.
From the core of bore hole drilled at Dewlatpur in Khulna, two fossil shells of molluscus were col lected. They are Corbiculidae Gelonia sp. and Neritiolae Neritina sp., collected from the depths at 20 m and 35 m, respectively." Their ecological environment is both in the mangroove tidal zone. The Gelonia sp. indicates the mean tide zone, and Neritia indicates the mean to high tide zone.
This ecological condition shows that the sedi ments including the shell from the depth of 20m deposited at the almost same level of the sealevel at that time, and the sediments from the depth of 35m containing the fosill shell of Neritina sp. dep The boundary between the lower and middle members is fairly sharp and recognized at various places in the Bengal Lowland. The sediments of the lower member is sandy, and their upper part is oxidized in some places. This shows that there is remarkable environmental change after the depo sition of lower member. At Dewlatpur, thickness of the oxidized sediments in the upper part of the lower member is about 15m. And the uppermost part of the lower member and the lower and mid dle part of the middle member are measured as ca. 12,000yBP and ca. 10,000 (9,000) yBP. From these facts, it can be considered that there was temporal regression of sealevel after the deposition of the lower member. And the regression occured during a certain period between ca. 12,000yBP and ca. 10,000yBP.
Based on these facts, relative sealevel curve can be drawn and is shown in Figure 9 . 
VII. Sedimentary History and Geomorphic Evolution in the Bengal Lowland
The recent formation in the Bengal Lowland is subdivided into the uppermost , upper, middle. lower and lowest members . And obvious changes of the grain size sequence can be seen in the boun daries of these members.
These abrupt changes of the grain size sequence are not only caused by the local environmental change of each boring site, but also caused by the common change of the sedimentary environment in a wide area. The sedimentary environment which effects the various places in the Bengal Lowland are considered to be caused by the condi tion of sediments transported from the upper reaches of the rivers and the sedimentary envir onment caused by the change of sealevel during late Quaternary.
The lowest formation in the Bengal Lowland consist of gravel bed with the thickness of about 10m. The average surface gradient of the lowest member in the Brahmaputra Jamna Floodplain is about 3/10,000, and this is steeper than that of the surface in the present flood plain. As the surface altitude of the lowest member in the north of Ganges Delta is lower than -70m, the sealevel at the time when the lowest member deposited is considered to be -100m or more lower than the present level (it may be lower than -120m) from the altitude and gradient of the sediments .
The gravel bed deposited in the valley according to the lowest stand of sealevel in late Quaternary is known as the "basal gravel" in the recent for mation in Japan (ISEKI, 1966 (ISEKI, , 1974 . The gravel bed in the Bengal Lowland is also considered to be correlated to the "basal gravel" . And it ought to be exist in the Ganges River flood plain , however, it is not recognized yet because of the lack of deep boring records.
The lower member consists of the sandy sedi ments with scattered gravels. In the middle and upper part of the member, there are two horizons of coarser sediments. This increase of coarse sed iments in the lower member can be seen remarka bly in the region of upper reaches of the flood plain. This shows that the change of grain size is caused by the increase of coarser sediments transported from the upper reaches of the rivers .
After the deposition of the lower member , dis tinct regression can be recognized. The sealevel during the regression is considered to have gone down more than 10m during a certain period, because the top of the lower member is weathered and oxidized to the depth about 15m. According to the regression, the alluvial surface of the lower member was dissected, and shallow valleys and valley plain were formed along the rivers in the Bengal Lowland. After the regression, the sea level rose again. According to the transgression, the sediments deposited on the valley floor and covered the alluvial surface of the lower member. The sediments of the middle member is fine in their lower horizon and become coarser in the middle and upper horizons.
At Khulna and Kishorganj, the sediments in the lower horizon consist of silty sediments and sometimes contain peaty or organic matters. This shows that the marshy area spread out in the present Ganges Delta and Sylhet Basin during the depositional period of the lower horizon.
In Dewlatpur, Khulna, the sediments of the lower horizon of the middle member contain fossil shells, and its eco logical environment shows that the site at the time was close to the coast line where mangrove trees grew widely.
The fine sediments in the lower part of the mid dle member are seen especially in the region near the coast, and they are also seen in the inner region. The sediments in the upper and middle horizon of the middle member, however, are coarser than that of the lower horizon. In the region near Khulna, the sediments consist of sandy silt or silt with sand. And in the inner region as in Sirajganj, they consist of sand or sand with gravel. Thus the sediments of these horizons are more coarse in the inner region, and it is con sidered to be caused by the increase of coarser The sediments of the upper member deposited during the period of ca. 10,000 (8.000)-ca. 6,000 (5,000) yBP. The sediments are fine in the lower and upper horizon and coarse in the middle horizon. The lower part of the upper member sed iments consist of clay or silt even in Tangail and Kishoreganj. In Dewlatpur, the sediments at the period are consedered to be deposited under the strong influence of marine effect, and the coast line at that time retreated to the north of present Khulna city. After the sedimentation of the lower horizon of the upper member, the sediments become coarser and coastline slightly advanced towards the Bay of Bengal. Then broad marshy land or peat land spread out in the delta region.
The upper member is covered by the uppermost member. The boundary of the two members is quite clear and common in various places in the Bengal Lowland. The uppermost member is char acterized by the fine sediments of silt or clay. And it shows that, in the period when the uppermost member deposited, broad area in the Bengal Low land became marshy. And compared to the former period, the drainage condition in the Bengal Low land became worse.
At Kanailghat in the Sylhet Basin, medium sand at the depth of 10 m covered by the alterna tion of venier fine sand and clay. The alternation is correlated to the uppermost sediments and it is caused by the repetition of expansion and reduc tion of the water body in the sediments. The con dition of worse drainage and deposition of fine sed iments started around 4,000-5,000 yBP. The chronology of sedimentary environment and land form evolution in the Bengal Lowland is shown in Figure 10 .
VIII. Conclusion
The recent formation in the Bengal Lowland is subdivided into five members based on the charac teristics of the sediments, especially their facies and grain size sequences; the lowest, lower, mid dle, upper and uppermost members from the bot tom to the top. The lowest member consists of sandy gravels, and was formed according to the lowest stand of sea level in the muximum epoch of Last Glacial Age. The lower member consists of sand with a few gravels, and its uppermost part is oxidized with brownish grey color. This was caused by the lowering of sea level, and uncon formity was formed between the lower member and the middle. The sediments of the middle and upper members consist of sand and silt, and the uppermost member consist of finer sediments as silt and clay with occasional organic matters.
The sea level in the region has rose up rapidly towards the present level since the last glacial maximum. And the sea level curve shows remar kable regression during a centain period between ca. 12,000yBP and ca. 10,000yBP.
Based on the characteristics of the sediments, the landform evolution in the Bengal Lowland is considered as follows.
During the maximum epoch of the Last glacial age, the rivers flowing in the Bengal Lowland dissected the former surface, and deposited gravels on the valley floors as the lowest member of the recent formation . By 12,000 yBP, the sea level rose up to about 45m below present sea level, and the lower member dep osited in this period. After ca. 12,000yBP and before 10,000yBP, the temporal regression occured and surface of the delta and flood plain was slightly dissected.
After the regression, the middle member char acterized by fine sediments in the deltaic condi tion deposited according to the re-transgression . The sediments became slightly coaser in the latter half of this period. The upper member deposited during ca. 10,000 (or 8,000) yBP and ca. 6,000 (5,000) yBP. The coast line of the Ganges Delta slightly retreated to the north of present Khulna city in the earlier time of this period. After ca . 5,000yBP, the rate of sea level rise decreased, and the peat land or wet land spread out widely in the Bengal Lowland. 2) The grain size analysis for the samples collected from the site at Kishorganj, Tangail and Khulna was committed to the laboratory of Soiltech Inter national Ltd., and was done using standard sieves in full or half phi intervals. Other grainsize analy sis reported in the former boring records are done by both sieving and settling methods. 3) As the surface around the site is very flat and the site is considered to be close to the former coast line, the sediments in the site are considered to be deposited at the very close height to the former sea level. The elevation of the land surface is not des cribed in the article, however, assuming that the surface level is +3 m a.s.l., the level of peat layer with the age of 2,615-4,075yBP is between 0 and -1m . And the sediments with almost same age (3,230yBP) in Dewlatpur is -3m a.s.1. The differ ence between the sediments in the two regions with almost same age is 2-3m. This shows that the difference of the rate of subsidence between the regions is roughly estimated to be 0.6-0.9m/y. On the sediments deposited during the period around 5,800yBP, the difference of the rate of subsidence is estimated approximately 1.0 mm/y.
4) The mollusca shells are identified by Dr. Y.
MATSUSHIMA at Kanagawa Prefectural Museum.
